(U) The hemisflo and hyperflo parachute configurations were tested at Mach numbers from 1. 8 to 3. 0 at pressure altitudes from 82,000 to 104,000 ft. Various canopy porosities for the hyperflo parachutes were investigated in the Mach number range from 2. 5 to 3.0. The 10-ft-diam hemisflo parachute characteristics were studied at reefed diameters of 2, 3, 4, and 5 ft, and the 6-ft-diam hemisflo parachute characteristics were studied with a shorter shroud line length. Drag data and motion pictures of the parachute configurations were taken during and after each deployment.
SECTION It APPARATUS

TEST FACILITY
(U) Propulsion Wind Tunnel, Supersonic <16S) is a closed-circuit, continuous flow tunnel with a test section 16 ft in cross-section, capable of operating at supersonic Mach numbers from 1,65 to 3. 2. The tunnel was designed for a stagnation pressure range from 100 to 2000 psfa and air temperatures up to 650 C F. Tunnel humidity is controlled by removing tunnel air and supplying conditioned makeup air from an atmospheric dryer. A more complete description of the facility and its operating characteristics is contained in Ref. UNCLASSIFIED UNCLASSIFIED AEDOTR-6S.57
TEST ARTICLE
Model Centerbody and Deployment Sy»tem
(U) The parachutes tested during this investigation were deployed from a strut-mounted centerbody. Dimensions of the centerbody are presented in Fig. 3 . The parachute riser line was attached to a straingage load cell by means of a swivel and cable arrangement. A shear pin, designed to protect the load cell, was used to connect the riser line to the swivel. The parachutes were packed into the aft end of the model centerbody (see Fig. 4 ) on a compressed spring. Once the holding pin was released by means of an explosive charge, the parachute pack was ejected from the centerbody into the air stream.
Parachutes
(U) The parachutes tested were of two general types: the hyperflo and hemisflo. Specific construction details for the parachutes are shown in Figs. 5 through 14.
Hyperflo Parachute»
(U) General details of the hyperflo parachutes are given in Table I . The hyperflo parachutes were constructed using three general design concepts. Configurations H-2 and H-3 as seen in Fig. 6 were designed in the shape of a truncated cone. Configurations H-l, H-4, H-5, and H-6 were constructed in the shape that the truncated cone design assumes when it is in a fully aerodynamically inflated condition. Details of the shaped hyperflo parachute are shown in Figs. 5, 7, and 8. Configurations H-7, H-8, and H-9 incorporated a combination of the two design concepts described above. The straight skirt was taken from the H-2type parachute and the shaped roof was similar to the H-l-type. Details of these parachutes are shown in Figs. 9 and 10. Porosity, defined in this report as the ratio of the open area of a canopy surface to the total canopy surface area, ranged from 7. 0 to 10.9 percent for the hyperflo parachutes. Various weaves of either metal, nylon, HT-1, or a combination of nylon and HT-1 material were employed to vary the porosity of the parachutes. Porosity was also varied by applying a Silastic* 131 coating to the roofs of three configurations.
Hemisflo Parachutes
(U) The hemisflo parachutes were constructed of 2-in. -wide nylon ribbons. Configurations R-l through R-3 were 10-ft-diam hemisflo parachutes with 12-percent porosity and 240-in. shroud lines. Configuration R-l was reefed at diameters of 2, 3, 4, and 5 ft. Configuration R-2, using mid-gore reefing, was reefed at diameters of 2 and 3 ft. Configuration R-3 with 28 horizontal ribbons was reefed to a diameter 2 UNCLASSIFIED UNCLASSIFIED AEDC-TR-65-57 of 3 ft. Details of configurations R-l, R-2, and R-3 are shown in Fig. 11 . Configurations R-4, R-5, and R-6 were 6-ft-diam hemisflo parachutes with porosities of 21, 10, and 10 percent, respectively, and 144-in. shroud lines. Details of configurations R-4 and R-5 are shown in Fig. 12 . Configuration R-6 had a solid HT-1 mesh skirt in addition to the nylon ribbon roof and is shown in Fig. 13 . Configuration R-7 was a 5. 5-ft-diam hemisflo parachute with 18-percent porosity and 132-in. shroud lines. Details of this configuration are shown in Fig. 14. 
SECTION III PROCEDURE
(U) Prior to tunnel operation, the parachute was packed into the aft end of the centerbody. After tunnel conditions were established, the parachute was deployed by a compressed spring. Motion pictures and dynamic drag data were obtained during and after each deployment. After the parachute deployment had been completed, the analog signal from the strain-gage load cell was averaged over one-second intervals to calculate a steady-state drag load. Tunnel conditions were then changed with the parachute still deployed. Motion pictures, steady-state drag, and dynamic drag data were obtained at all subsequent desired test conditions.
(U) All parachute configurations were investigated at Mach numbers in the range from 1. 8 to 3.0. Dynamic pressure was maintained nominally at 120 psfa for all configurations which resulted in pressure altitudes from B2, 000 to 104, 000 ft over the Mach number range investigated. The model centerbody was maintained at zero angle of attack for the entire test.
SECTION IV RESULTS AND DISCUSSION
(U) A limited amount of steady-state drag data was obtained during this test because of failures of the parachutes upon deployment or immediately following deployment. Other parachutes failed before they could be tested at more than one Mach number. As a result of disreefing immediately after deployment and unexpected high drag loads, four of the hemisflo configurations sheared a pin protecting the strain-gage load cell and departed from the centerbody before steady-state drag data could be obtained. Some of the parachute failures were caused by a deficiency UNCLASSIFIED UNCLASSIFIED AEDC-TR-65-57 in the parachute material or construction. Some of the failures occurred because the parachutes were required to withstand constant loads at elevated Mach numbers for long durations of time; such failures were caused by material fatigue.
DEPLOYMENT LOADS
(U) As found in previous parachute testing (Ref. 1), the snatch load and opening shock load varied with each deployment. Snatch and openingshock loads were found to vary between 100 and 5000 lb for all the deployments, although large snatch and opening-shock loads did not necessarily occur during the same deployment. It is believed that the snatch and opening-shock loads encountered are a function of the parachute packing procedures and the particular deployment system used for each parachute. Dynamic drag traces of two similar parachutes are shown in Fig. 15 .
PARACHUTE STABILITY
(U) The behavior of a parachute moving through the air is governed by characteristics which, in airplane design, are called stability characteristics. Certain characteristic parameters have been established which, when known, allow the prediction of stability for specific airplanes or missiles. However, published data indicate only limited success in establishing similar parameters for parachutes. The parachute stability characteristics as discussed in this report are defined as the relative comparison of parachute oscillations based on the motion pictures acquired during the test. The reference parachute is an ideal model which has no oscillations or distorting moments to disturb the parachute from its equilibrium position.
HYPERFLO PARACHUTES
(U) The results of the tests conducted with the hyperflo parachutes are presented in Figs. 16 and 17 and Table II . In general, the drag coefficient and parachute drag parameter for the hyperflo parachutes were found to decrease with increasing Mach number. The drag coefficient for the fully inflated parachutes was found to range from 0. 13 to 0. 29. For the underinflated parachutes and the ones with torn roofs, the drag coefficient varied from approximately 0. 05 to 0. 08. The drag coefficients measured for each configuration are presented in Table II . Typical pictures taken during testing of a number of these parachutes are shown in (U) Stability and inflation characteristics of the hyperflo parachutes were visually studied from motion pictures. In general, the parachutes had good stability and inflation at Mach number 2.6. However, underinflation and instability occurred as the Mach number was increased. Parachute roof failures limited testing of configurations H-l and H-6 to Mach numbers of 2. 2 and 2.6, respectively. These two configurations, however, had good stability and inflation at these Mach numbers. Configurations H-7 and H-9 with shaped roofs had poor stability at Mach number 2.6. Partially because of the instability, configurations H-7 and H-9 failed before they could be tested at more than one Mach number. Stability and inflation characteristics and the test conditions for each configuration tested are presented in Table II .
HEMISFLO PARACHUTES
(U) The results of the tests conducted on the hemisflo parachutes are presented in Figs. 19 and 20 and Table III . The drag coefficient for the hemisflo configurations was found to vary between 0.09 and 0.39. Configurations R-l and R-2, reefed to a 2-ft diameter, show increases in drag coefficient with increasing Mach number. Motion pictures of these two parachutes indicated that several of the reefing rings failed as the Mach number was increased from 1. 8 to 2. 2. It is believed that the increase in parachute diameter caused by the partial disreefing caused the trend in increasing drag coefficient with increasing Mach number. The normal trend as shown in previous testing <Ref, 1) is a decrease in drag coefficient with an increase in Mach number.
(U) Attempts were made to test configuration R-l at reefed diameters of 2, 3, 4, and 5 ft to determine the effect of different reef diameters in the 1, 8 to 2. 2 Mach number range. As a result of partial or total disreefing and unexpected high loads, the parachutes reefed to 3, 4, and 5 ft failed shortly after deployment and not enough steady-state drag data were obtained to show the effect of the reefed diameter.
(U) Configuration R-2, identical to R-l in construction details,, used a mid-gore reefing technique to reef the parachute diameter to 2 and 3 ft. At Mach number 1. 8 and a reefed diameter of 2 ft, configuration R-2 with mid-gore reefing had a drag coefficient approximately 29-percent higher than configuration R-l with conventional reefing. Because of the combination of partial disreefing and instability, configuration R-2, reefed to 3 ft, failed .before steady-state drag data were obtained.
(U) Configuration R-3, reefed to a diameter of 3 ft, failed before data could be obtained at more than one Mach number. UNCLASSIFIED UNCLASSIFIED AEOC-TR-65-57 (U) Configurations R-4, R-5, and R-6 were tested to determine the characteristics of a hemisflo parachute in the 2. 6 to 3.0 Mach number range. Configurations R-4 and R-5 with porosities of 21 and 10 percent, respectively, were tested at Mach number 2. 6 and failed before reaching a higher Mach number. Motion pictures showed that these two parachutes had fair stability and inflation characteristics at Mach number 2. 6. The design concept of configuration R-6 was a combination of a hyperflo skirt and a hemisflo roof. No steady-state drag data were obtained for configuration R-6 as the tunnel flow broke one second after deployment. However, good inflation and fair stability were observed in the motion pictures acquired of this parachute.
(U) Configuration R-7, a 5. 5-ft-diam unreefed parachute, was tested through the 1.8 to 2.2 Mach number range. The drag coefficient and drag parameter of this parachute decreased with increasing Mach number.
(U) All the hemisflo parachutes investigated had fair to good stability and inflation characteristics. The motion pictures indicated that there was no appreciable effect of Mach number on the stability or inflation of any given configuration. Figure 21 shows typical pictures taken during testing that illustrate the inflation characteristics of the hemisflo parachutes.
SECTION V CONCLUDING REMARKS
(U) Tests were conducted to investigate the drag, stability, and inflation characteristics of several hyperflo and hemisflo parachute configurations in the Mach number range from 1.8 to 3.0, The following observations are a result of these tests:
1. In general the drag coefficient and drag parameter for the hyperflo parachutes decreased with increasing Mach number.
2. The hyperflo parachutes had good inflation at Mach number 2. 6.
3. The hemisflo parachutes had good inflation in the 1. 
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ABSTRACT
As an extension of studies previously completed, a test was conducted in the Propulsion Wind Tunnel, Supersonic (16S), to determine the effect of Mach number on the drag, stability, and inflation characteristics of a number of parachutes. The parachute characteristics were investigated at Mach numbers from 1.8 to 3.0 at pressure altitudes from 82,000 to 104,000 ft. Two general types of parachutes were tested: the hyperflo-type parachute using three general design concepts with porosities from 7.0 to 10.9 percent and the hemisflotype parachute with and without reefing. Data obtained indicated that the hyperflo parachutes had good inflation characteristics at Mach number 2.6 and the drag decreased with increasing Mach number. The hemisflo parachutes had good inflation characteristics in the 1.8 to 2,2 Mach number range. For any given configuration, the stability was found to be essentially constant with varying Mach number. 
